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D(EC~JTJ \IT SU~’NARY

There is probably no problem more basic to Program Managers than

cost estimating . Current decisions regarding fu ture courses of action

requi re good estimates . To predict new costs , different techniques and

methods have been used. h owever , they have all shown the same common

characteristic -- none has any guarantee of success .

in order to imp rove the overall management of l)e fense System

Acquisition , the Department of Defense established the Defense System

Acquisition Review Council (DSARC ) w i t h i n  the Office of the Secretary

of Defense. This Council was to evaluate the status and readiness of

each major wc a1)Ofl system.

Pas t studies proved that weapon sys tems cos t g rowth was a result

of low i n i t ia l  estimates. In order to improve upon this , the Cost

Analysis Group (C\ IG) wa~ c~ ta I ’1ished by the Sec retary of 1)e fensc .

They were to review and provide ilu: DSARC w i t h  both prog r. u~ costs an d

ranges of uncertainty w i t h i n  wh i ch cost s would l ike ly  be .

I n add i t ion~ the Department of l)efensr ’ desi red that the “par~u:~etr i c

approacW ’ for weapon ~vstem cost est im a t i n ~ he used . Theic is no

doubt that the Iwi ruinetri c approach or as they are so often ca l led , cos t

cst imat in~1re 1at ionsh ips  ~CI~R s ) ,  can be ci ~ rca use in cost est i ;;~~:it  in g .

Ihe i r C:ip ~~i j i l t  V to pr od ice accw’atc ’ esi i ~:::it cs i s 1 ii: i t  ed and shaft] d

be recogni zed . Viewed r e a l i s t i c a l ly  , they arc usc liii me;U 1s of com~ i fl i ng

1 i m i t~ -~l i ! f  ~~~ i t  ion to provide “ a i lp a rk ”  c st i ’~a tcs , s ince  in many

cases they cannot capture a l l  the va n li  cs in  cost .  Therefore , cs~ cit

dei iv ~ • ! ~y t~~ iI.’ p r::~’e ! r i c  t e chn i que  ~~Ic~~ d ~e u~~i ~ i t l i  c a u t i o n ,

• .~•~~i11~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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particularly when extrapolating to distant future weapon systems.

If viewed as a point of depar ture, and modi fied by experience ,

judgemen t, and external or supplementary information , they can he used

extensively wi th much success.

i i i
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I~ T~~ DUCTION

During pas t years , the cost growth in System Acquisition has in-

creased to such an extent that i t  has become the subject of nat ional

debate. Wit h nciss ive cost overnu~s in m aj o r  weapons acquis i t ion , as

evidenced by ni~~’~ana ~:cnc’nt and waste , the I)cpartmcnt of l)o fensc decided

that at tent i on i:us t be g i ven to improve the management of Defense Svstc~i~

Acquis i t ion .

In May I ~k~t) t he Ass i s tun t  Secretar\ - of De fens e , Da v i d  Packa rd

established the Pafense System Acquis i t ion Review Council (DSARC) w i t h  in

the Ofl ice , Sec re t arc of Do Ieusc. The sole purpose of t h i s  Counci l  was

to ad vise Ii u n  of t h e  s t at t i s  and reach ic ’~~s of each majo r s stem . The

membe rshi p of  the Counci 1 can~ ted ci t~ a 1) 1 rcct or , Defense Pesca rd1

and I -cr nec r n c, and t Pr - ~;s i~ a t  Scare t a i i e s  of Do feuse , Co~at roll e r .

I n st a  I l a t i o n  and l .c ’~ i s t  ics , cud Svst c ’ j rd  vs i s .  The ( t ’u n c j  I was to

c V u l u I t L  t h e  s t a t u s  ci each can d id at e s~ ste :a at th e  fo1low i n~ three

m i l e st o n e  p a i n t s :

a. P l e p r a i r  n i t  j u t  ion dcc i s~ on , i . e . ,  when t h e  si a n s o n i n c  S a l -  •

v ic e  des i l as  t o  i i i  i i  j u t e  (‘out ] i Ct  ft f i  n i  t i on .

b . 1~ui i Sc;i Ic Dove ] ~;~: a n t  dcc is OII , i . a.  , Icilall i t  is des I red t a ~c

l rc ~: t a : 1 t r~~L t ~- i i ~ i i t  i a  t a t u l  l - - ~~c a l r  ~ev e I e ;  - i t  and ,

c. P roduc t ion  d c c i s i o n , ~.c. , ~dtcn  i t  I S  (lCS i VCd to t r a n s i t i o n

from dt ve I i l ~~~~~1) I t~ produ ct  i o~ h e n  s i\ cc i~ p I O \ 1 l L i l t

- - _ _ _ _ _
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BACKGROUND

The Program Manager is caught in a vise. The programs that he is

develop ing tend to be more innovative and more complex than pas t pro-

grams and , therefore, more difficult to cost accurately. At the same

time the frequently casual costing concepts of the past are increasing ly

unacceptable to the administration , the Congress and ultimately to the

people. Fortunately , presently available methods of cost analysis make

it possible for the informed manager to develop and substantiate accurate

projections of program cos ts .

Early in 1970, the Assistant Secretary of T)e fcnse for System Analys is

wrote a memoran dum cl ari fying the OSO position on the use of statistical

techniques for weapon system cost est imating.  This paper was circulated
- 

throughout tile Aiany as an inclosure to a memorand um on the use of sta-

ti  s t i cal techniques in cost es t imat ing . It states that est mat es for

nei.’ weapon system acqui s i t  ion cost were to be e i ther  den ccu from de—

tai led , grass root calculations (the i n du st r i  ai eng ineering approach) ( 1

based Ofl rela t ions h ips between more ; i  ~re~ ate comp onent s of system cos t

and the p1iys i ccl and/or performance character is t ics  of the s’ste~n. l i iasc

so called rd at 1 0 1 ) 5 ) 1  ps i ere to he Jr ri  ved Iran cost h i s  t a i l cs on pr ior

pro~ r a J s .  T h i s  n ic iPa d  is o~ tcn ccl icc! tue ‘‘1iar:i atnic app i each.’’ ‘fl lis

t ; 1 ’e  of c~ t i ; i t i ~a; is  t is ~~I d ur i n ~ e ar ly  ! s c ~ a t  s ys t em a c q u i s i t i o n

Since many prograj as have l i i i  ted and tui cert a  in i n fonna tion on whi d to

• bu~ e es t I r a t  (~~i . The 1~~t 1n11 a t n c  approach is ma :t  I ciii a n y  su I ted to rH- i ng

est imat e s  l ’ a a d  oil I i n I i t c d  ph y s i c a l  and ] L l t O  i ; :-a c  in ! o i l : i t  i a i i .  flie

oh jcctiv of ]ml ra :ctli c C S t j i l i S , or ~m t r V  0 - - 5 ’)  O~~t i  a . t i l e d , cost

A 
-— ~~~~~~-•~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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estimating relationships (QiRs), is to provide for overall better pro-

gram management .

• The cost growth studies conducted by System Analysts showed that

most of the so called cost growth was the di rect result of low in i t ia l

cost estimates and the indirect result of changes in schedule , quant ity

and rate of production.

As the cost increases , the product ion quantity is accordingl y

reduced to sl av  wi th in  the total program dollar thresholds . However ,

due to the learning curve ph ie nomena , the i’ediict l oll l i i  q i tan t  I ty fu r ther

increases the un i t  price .

i\ plot of the average cost gr owth 10 L\RT I )  , as a function of 1. inc

from the 34 sys tems now in  procur ement and reported in S lected  Acqui S -

tion Re-pol L (SAils ) sho~ s that 1 eo years  a f t e r  tP~ p lanning  est 1 mat e-

was ca 1 culu t  ad , the  ei~~l Opn ]cnt CS i i  ~m I a su rpassed i t  h’~ P~’~ . i l l  1’nw -

of 1971 and Docenihor of 1972 cost cra~ lh was we! I over  l00~ on m aj e r

Sys tems .  T h i s  is a f ac to r  of . -1 to the p l w i n i i . e s t a te i i i  ten as of

average grus t h t  :~cJ sonic g rowth was a:; h i g h as Sog or 90O~~. i’ re~ U I  ~~ ci

cost growth clone inc r eused to 450 - 500~ and on sa;:o ~~ - • a I : . s has i e ~ ~ 5 1

t h e S00 - mark . Ihene  is  great conce rn cee r the m i i  j u l  ~~ p i  L~~~a : r

c-s t  i n u ~cs for as the Serv i ces c o n t i n u e  t o  u n d e r p n i c e  ~~e } i v e  ~ e ; t n

t le~ c i t s e  ~1 :u i ( i I P P )  , i t  ‘ ; l l : u w L J  p i c : i a r . s  I e a l I I  t . I h e i c  I-a a , i t  is

i mpossibl e to  make resource t r ld eOf f S  c c l  l ur t h e i  j ) u i  Ht~~~ ’ 1 Pc V i  n i t  t yp e s

of  eqI_ I 1 ~ v l i a i t  11 pro gr am s are cof l t  i n U a h l \ ’  under est i r a i t ’. J . The c-n d v; - a l t

is that i n  l a ter  -w : - ~~~ 
-: of I P~ - nra a _ ,  m i i c  P - p - v t  ml  con: o1iC~l(s are

c Van i i i , u i )  y d~ a a i J c J .

~~~~~~~~~~~~~~~~~
-
~~~~~~~~~~~~~

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In addition, if Services continue to increase estimates in their

SARS to Congress , credibility of any correct estimate will be further

lost. For example : if one of the Services arrives at a one billion

dollar cost estimate , Congress will auton~utically th ink  it should be two

billion because of past miscalculations . h e n ce, the Services are left

wondering whether or not to over est imate since there is no credibil i ty

with their estimates.

-1 
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_ _ .1 

- - -• . - -- -•- - - •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— - - — -~~~~~~~~J L ~~~ ~~~~~~~~~~~~~~~ 
- 

- T~~~~ ::r~~e~~~~~ _ i L Tj : T: _:~:

- —. 1

~~~~z >-<, I

• (J~~~~~ 
-

•

~~~~~ •

c i t

- \ L u ~~~ 
- I

! C ~)

\ .•..••
,t_j_~ -

~J1

U 

I

~:i •~~ . c ~~~~

I

~~~~~
-• ~~~~~~~~

c~~~~~~~~~~~~

________________________ 
__________ - 1 ~~~~~



~~~
- ~~~r-~x~— ‘ -=~~~~~~~~~~~~~ T :~~~ r i  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A STEP IN 1111 R l O f l ’  DIRII CI1 ON

To coimteract the previously mentioned c red ib i l i ty  gap much more

realistic estimates are needed. On December 7 , 197] , the Deputy , Sec-

retary of De fense , directed Service Secretaries to improve the i r  capa-

bi l i tv  to perform independent I)ar~uhIe t r ic  cost aiial ys i s  and to have such

an analysis accomplished on each major weapon System at each key decision

• point. ‘‘ IR e memorandum , tise of Paranie t r i c  l -~s t i_m i t e s , advised that  by

January 1972 wi independent cost anal y s i s  was to he incorporated in each

IXSARC presentation. There was a def in i  te need for t i m e l y  real is t ic  cost

estimates for IDD man c ’~ement - i ron these real i c l i  c cost e st imat e s  ma 1ev

decisions coul d be bet ter emp loyed .‘‘(9: 
~~) 

t ha r t  2 dep i c t s  ti le sequence

of independent cos t review for l)SAR(S.

Past cost est i  mit e s  were u sual  lv )— a s ed  Oil t i l e’  i n d u s t r i a l  cnp i neeri  np

approach ida - reP y  e \ t  Oi ls I Ve S S ta i t de scr ip t ions  cmi des i pu were l a c i l i  red

in a d d i t i o n to a d e t a i l e d  s i m u l a t i o n  of product ion ope a t  i o n s .  l i l i s

approach pr e \ Otis ly Il idfl  ouied as thìe ‘‘p i s s  rests ’’ ci Ipr o l e h l  used ct  an- -

da rds b u i l t  fi-o: ;i t i m e  s tud ie s , iuio t 101 . SI t idies , vendor quotes , e t c

l~ccause of incor rect cost as t i t - a t c s , p l 0~ l aIn concept v-nec- ccli ~l - J :

a. -\ choice of it i - l i a r  pe n on:, wee ~i- s i  ~ i lS  11am we i - . e m:; I a Iie- ~ i a .

• b .  ~Puu v a t t n - ct i u ~ a) e u ’ ;; :t i yes n a t e  fo t ep one .

c. Cost i t  U i- , . i s  ek~~t I \ 5 1 1 1 g ti le ’  h i td 1 - - t  ;~ st  i e t c h  -ou t s  a i d

f e i - c ’ r  t i e  cx~’c~l1s iV O  L i l l i ts.

ci. I c i - _ - .l I I l i l t  ‘- w:is ~- J ;ue -et l ,
I

e. ( ) u a i i l l  n m u ; i - - - n e -n t  hc~ ;tni - d i 1It~ t i i t

I * 1 Ct -~ ‘ - 5 1  i i i  - I 
~ ~~~ 7 ‘t i ed i t I a cc i t  I ‘ i t

()
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of major weapon systems was to survive . As a check to the “grass roots”

approach , IDD decided to place increased emphasis on parametric cost

estimates . These estimates were to i ncorporate costs of previous system

setbacks and present aggregate level estimates . They included actual

relationships between cost and physical performance characteristics of

past systems .

In a mcmorandt~n dated 25 January 1972 , Secretary of Defense M elvin

Laird established the OSD Cost Analysis Improvement Group (CAIG) to act

as an advisory hoard to the DSARC on a ll  matters related to cost. Mciii-

bers of th i s  group included representatives from DDR~E , ASD(C) , ASl)(I~ i )

and ASD(SA) . The G1.IG ~‘.aS di rec ted to revic-i . se rvice ’s independent

estimates and report any resemblance of the cost estimate . Service

Secretaries were encouraged to provide s ta f f  components capable of pro-

— vi diii~’ indenendent p a i a n at r i c  cos t est imates  (iCE)

~Vit h this (A1 G co-~ t da t a  repor t the PSARU could co: ;nai’ e (‘I - n t  r ac k  a ,

Ser~ ice and OS!) prop 15; : cos ts as i l l ust r a t e d  ott chart  3. The 1 m t

oul l y wa s provided i- .- i  lb a poin t  c-St in ; St e ’ of most l i k e ly  ces t , hut a 1 : 1 1 1 - 0

of unce r t a in ty  w i  tii in  idi i di the cost wou ld Ii Peli~ be. l ’i ij s  ranpe of

t incerta  i ntv  shown on 1 ::t u t  -t 15 i iecccs ;i  cc i - ~ -e atise a l l  cost cs i t  • ii - - n  a r e S -

only p r ed ic t  torìs  , and , t !1C’ rC ~~ 
- (

-
( ‘ li t  ( i l l  5 (~~~ is ciegre ’_’ of uflccl’t :i I ‘l tv

( t a r t  ~- i l hu t - : t r : i t e : ;  t i l t  i i i  I t ’  ~~~ w i  C o t  a 1  . H i c ~ to t l . ~e ol

• Pen- ice ~nd cpendcnt s t u d  I es ; iu i ~i cceel -t ad b y CAl - 11 icoul ci appear 1-v

this chart  t h a t  the C-\ I (  cost ( - I ; I i m a t e -s ar c s I gn ii i c c i t t )  h i g her th an

those (if t he  -‘-t e l’Vic s. 1llerC~ Ot - c , :ma i y si s  I~~~I t h i s  h:u s n n ’ ’m i  t h a t

du I’ i n p l i : e -  p a- :t  I ci- \a u rs th~ ‘ A i (  C5~~ 1’ a i t - -n c  k-c u c l m ~’-i ~ to t i t ( ’

8

Li ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _ _  • 
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actual cos t of military prograivs , whereas the Servi ce estimates have

been far below . thart 6 clearly substantiates this and further indicates

that costs wh ich are reported to congress in t h e  SARs are beg inning to

approach the parametric cost previously estimated hy the CAIG .
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DATA QJLLECTION

As previous ly stated , a cost estimate is a jud gement or op inion 
- 

-

regarding the cost of an object , commodity , or service . ‘The main

problem facing the military cost analyst is to develop and apply

concepts and techniques for assessing the economic cos t of proposed

alternative future actions under conditions of uncertainty.” (1:64)

The challenge is to project from the knot-rn to unknown relationships ,

using ex-planatozy variables such as weight , speed , power , frequenc~’ and

thrust to predict cost at a hi gher leve l of aggregation .

Parametric cost estimates have proven to take less t Iwo and have

been mo re accurate than the industr ial  eng ineering process. “One reason

for this is sin; 1y that the whole generally turns out to be greater

than the ~um of its parts . ” (3:33) Thi .s meth od i nvo lves the usc~ of

quant i ta t ive  techniques wit i di are rcI)roducab ] e. Tints , a g i ~ eii tech-

ni que , a1thou . a~h perhaps not optimum , i-:i 11 a lmn- s  p ive an e s t im a t e  t h a t

wi l l  not vie ‘-: i th the p ar t i  ciii ar person us u i 5  the e s t ima te . Tb is

process involves locati iig physical or program characteri  st i cs that  hav e

a d-~F i n j t c -  t - c la t io u i s h i p to coSt.  These i’c lat i ons h ips  arc s i m; - t l a  s t a t e —

ill a i ndi ccl. i up that  the cos t of a c( : : : v ) L i  i tv is prop ort  i ouia l  to I Ia

vo] u: - :.c , area , or some o t her  ph y s i c a l  c1i~:r:ic te i - i s t  ic  of t h at

cO ‘ t ) c l  I t v .  i t i . ’ cost c-s I; ti l i p  i-a in  t I cosh i p au ’- a l s o  i v  i nd i I L ’c I ly

dete’ n-; I t ied : tuS h as the nuirher of i’ai- i oti s s i ze on i fo nii s cepl i i-ed t~ou1d

be a I i s t c ;  t i~~n o f t 1i~ u~- ht ’ r of i i c  - 5 ’I f l t -  I . l-
~~-~ m n p - er disvt ’ I Op: - ’l t t  ;un - .I

e v a l u a t i o n  of cim t es t m a t  I t ; :  re 1st  i - a u - I t  I ps , t~ f i n - i  I I c c l i v  -: j i b

7 - . 55 ~ i - Ii 1! - i’ I I; ~a-~~ Ir - - . I i~ , - . ’. SI’ , !i I i t. ’ a: • : (~ I ~~CI ~ i t
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that regression analysis does nat offe r a quick and easy solution to

all the problems of estimating cost. There is no substitute for under-

standing ! The important element is to identif y var iables so that when I -

weighed and combined in appropriate ma th.matical expressions , an accurate

cost estimate will result.

In order to provide an accurate estimate , a requirement for a 
~
- I

systematic collection of data and in f o n t t a t i o n  is a prercqwsite .  ~1 il i -

tary cost analysts are no better than the infonnat ion  or data  that are

part of their analytical effort. the to inconsis tency in data , the

analyst has had to use contractors rccoi-ds in the past. To alleviate

this prol) 1cm , the Cost Info nnat ion Report (Cl R) , was es tab i i  shed I n

1966.

Even wi th the use of the CI R much i nconci sit -nov was found in the

data wit Ic-l i i t  pi-ov i dccl. The result was the (Tent rc cto]- Cost R i t a  Report

(CCDR) , a new rei~t ii remen t o.f tJ ic C-\IG t~h i c 1 i f i t j - t  a -u -  s tan ic i -d i ‘oJ

1)0th data and H i lmi t  reps ci . i ng. ‘“Iii is re-port i~~ov I dad for collect i op

Proi e~ t OLI and act t in 1 cost dat a on acelu is I t ion p co; . r ants l i ~~ n con t t i s t  O l S

and i n—hous e gove r u n - sot p l a n t s  l i t  rani l i a s-i tip le i n t e g r a l  ad a s  t a l l for

1131) c-os t analvs is and p 1 S C U 1 C~ S1lt c :u Inn’ t . - i a -n t  purp ose-s . ftc CAl C i- is

to prey ds pui d~ n~ e- and t oni t e i  th e  i i  .I ) lCi  a n t t c t  t I ~l 1l of t h ese r e-ports

to I I c ; t i i L  d I l l  i~~t e ’ u i t  u i - I  11 1 1u0 1 1 1 H e ci-p I i a - ; t  l i i i  I u l I l u a h l o u t  t h i s  i~ P ) . ”

( ; l)

Act ir i l  t e n t  of the ( ‘C! ~~~ ~‘cs t o  hc~ I a n  I e - : t -n t  ad 011 ti le ‘l’ i - i dci i t

Prog l - I L - ; .  i t  III I  pit t be in tel -as I i i  p I I )  1 - I  a t h a t  tin ’ I i c- 1 uestccl th I : ;  be

is- u i  ia-d ha t  it  i- - s  d c - i i iod  ~~~ I la H IC .

_ _  -•-~~. . - • - -  ~~~~~~---~~ —~~~~~ -—-- - - -  1_ _
__
~

__ ___ 
-~~~~~~ ‘ ------
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TIlE LEAR”-IING CURVE

Learning curves are a special application of cost estimating

relationships. They are a graphical/mathiantical way of expressing the 
I -

process of learning or improving as a worker completes a repetitive task.

This concept of learning curves is based upon the cmp ericall y observed

relationship that , given a constan t production envi ronment the cumulat ive

production output varies inversely w i t h th e manhour input l abor. The

basic use for this  type of esti una tillcl is to forecast the u n i t  price of

an i tem or system over its production life .

Both Industry and Government have found that  the un i t  cos t of

producing hardware dc-creases as the ctiin u i at it -c pr CIdtu c t ion q u a n t i t y  in-

creases . To quant i f y this r e la t i ona l i  ip , th is  l ea rn ing  curve is used.

The a p p l i c a t i o n  of such a curve as the l e ;u r n i  op or prepro~ s cllrv c- is t
re levant  to on ly  I i to  recurring port j on of p roduct ion Ca -

~ t a and n - I  :t~~u I  t a -~

tr ite lea rn i ng onl y when all r ecu r r ing  costs arc C O l I V e ’ i t L ’d to C O O S i  t i l t

dollars .

hhi Ic there are sevei-s 1 di  f fer -nt  !i’-ps l l i t -sos uthoiu t the
exact l a c l i t I c -  i i n  au ic -h t h i s  I earn i na i - i  cost r~ - du c -t  1(1 11 d t SClu l  S

t h e  e t i l l  C o l l i e - T O  ot 1earfl i~~: c t t r \ ’c i- Ho rs 5~~~~j ; ~~ i - : - iu t m  -
the t o t a l  qt i cn t  i t v  of i t ~ - : H i s  p t - a d a - cl e ; t I~~~I . - , l I e ’ Cas t
p ar  i t en  is  r~-jua -~-j to 50: 10 co il- c l t ; l  ;;erc - i i t  nsa c - i  i ts l u c --
V i o t i s  v a l u e ’ . I f , far  c - \ l t r m le , t T ie - c - - s t ci’ I - t - - h l : u 1 T - .-. t h u
2 t 1 - ft t i t l i  of tn i t ~ ,t i s  P fl ‘ m i c e n t  ‘H t ’ H ci
t1~- -  100th i t - H  , La -  Ca5 t  tal t i uc  1 t i  i u ~ u i t  i s  Pd d i c~~~i C  ot
of t h e cos t a l ‘ f l j  I l l , t f l~ ; I I t  1 , I t t i e  a t  -

. ion p i e  -
cc-na is sa l  cI t o  f y I  how atu P i t  p - i  u ; u ; t  t - u t  I h u t  rt ~ j i t , ’ c t i t \ t . i i
tile averapo cost of j l t Qd l l i i : ’ a l l  :~~~- : l i i t i u t ~ is  SO pt~1 e u - n t  of
th e ’  l I v e ’ cc - c t I  p 1 c i - H ~~i ui i ~ t l ~ - i i i : -  t l O l l  ~~~ I e t c .  , I H-n I ia
p i o a - s s  fol I n S  ati Si ) 

~~~ ~~ ;O I i i  ~O~~t I Va a v e - i  ;t i p ’  l e a i nj n g
cu rve . ( 3 :a -  I )

I i - - - I t o  ~~~~ I t l i i ; t i  f at ; - - -C h I I I I i P - ’ , T i n \  - .~ ~i ; , t i - t ! u r i t  c- ’

I t-u 

- --- , . -~~~~~~~ - - . ---~~ ---- 
, - ---,----- - - U-- -



cumulative production quantity of units doubles the cost per unit de-

clines by some constant percentage. One form treats the Cost as the

incremental or unit costs ; the other treats it as the average cost for

the cumulative number of units . Either formulation results in a func-

tion that is linear when p lotted on logari thmic grids , h-hen the in-

cremental cost assumption is made , the form caf the learning cu rve is

termed the “log-linear unit  curve” , when this avera pe Cost assumption is

made , i t  is known as the “log- l inear  cumulative average curve .”

There are not inherent adv:ttttapcs in one fo rn t of the 1-sarni ru g curve

as opposed to the other. I , Tic- re’ it is possible to use e i ther  f~m i - t : ; , the

one that best fits the data slictulel he used. Somet urs a , however , t h i s

option m ay not he open becaus e of the nature of the ava i lab le  data .

-
‘ One autho i-i  tv  has sos pc-s ted th a t  experi encc’d unanu I co t i t i  t ’l’S uti ti/or

t n a n u fa c t u r c rn st ar t  i t ip 
~ 

t- c-in ;c l i c -n wi th  ma~or eng i lion -r i op prob lea c- ;ell

t inder cont rol are l ikely  to prod ;tcc- along log — l i near  unit ie;trni t ip

cunc . It  is  fu r the r  a ct  pn-S t ae  t h at  nn -i-~ i l l a l l c i f a C t i t l -er s c i t  1/or i l ; - _

beg inning  prc elu-c t. i on  vi  a h - t r s e  l iun d i c - r of c -n p  i tw-ai ’I op prob1 e-u:s

itnsoi vt- - I are l i k e l Y  to pi - oclT Cc :1 on~ a I ar ’ - I i  near ci ta c t ]  n i t  i y e ave t ap e

1 eai~ i i i  ~~~t l ic e ’ .

‘Ilic L o p - h  u t u ; - : t r  I l t i ~ t (~ t n c -c . T h e  a l p e h r ; u i c  e ,xnr~ aa i C - i l  f e - I  i H -

l og— 1 i u ~ , t u  u n i t  c - U 1• Vu ’ i s :

%cll eF(’ 
~~~~ 

= to- - t of i - urn 1

a coa t u -t i  i i  i’s t Un i t

c u n : s i l  u t  I -, - - i i : :  t i s ::  t i - i

= s I t  
~
t (’ p _ I  i - ~ i S  I

_ _  _ _ _ _  
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The parameters a and h may he esti mated di rectly by regression

analysis if  several values of Y arid related values of X are ~a-iown.

h owever , this is usua l ly  n-a t the case. Costs of hardware i tems are

almos t always accounted for in “l ots ” r ath e r than in sing le units ,

and the average uni t cos t of a lot is not the cost at the ar i thmetic

mean of the lot ciiii t s.  For example , if a lot includes cu~tu lat i ve

quanti t ies 101 through 200 at an ave-rage unit cos t of $ 100 , then the

cost 0 unit  150 is not $100. This  is because learning occurs w i t h i n

the lo t itself.

Mos t methods of obtaining a match of cos t to urn t nuiuiber i nvolve

c- at ; : - :u t  i u p  t h e  u n i t  i t t ia :hc- r ( the a lgebra ic  ad e l— p O ! n t )  foi i P t  ic-h th e-

ave i t . ,~ l o t  cost is app i i caP Ic- . One inc-th a i inv olve- s the use of t a l i l e a

fry :- : l i i  i a I t  the al g a n r a i c  t - : id -po ~ nt  may !~e- c a i c u l a t c - d  for a kuiot~’n l’a l ipu ’

of m u  t t i i  :a~
1 -t Ci ; i n  the lot  and It-I est I note of the 1 e:Ii - il i  u p  cuirve shal l- s.

This, of c’acirs - , ii-~ ; t l  ru -s :to i L - r a t i v e  1 i t o c e 5 5  i f  stuhse ~ u- t i i  i e l l e ’ S s  ePI

anal y s i s  shows that the slope eat i : t t o  asH i n c o r r e c t .

‘1

IS  

- -~-—---—-—-- ~~~ 
- ----- -- 

- - ---- ----— - ~_ t ~~— - ---------- _1lllli
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DERI\ -~ATION OF ORs

In the derivation of cost est imating relationships , certain steps

should be followed: The f i rs t  is the consideration of the various

factors that may cause a given result. The actual determinat ion of

causes and ef fects of pas t experiences has to he ascertained. The next

step is to gat her data , locate in terdepende ncies , derive a fo rma l state-

ment of the relationship and establish the I imitations of this part i cular

relationship. This is considered one of th e’ treat c r i t i c a l  steps in

parametric cos t es t imat ing ,  for i t  is in col lec t ing  the data tha t  an

accurate nea t I t ; e a t i  cal expression can be tJis’y~’i a-; - n -el or lost .  Ly care - lul

exa luti nat ion of th is  data , unexpected cost eat i ;anites nt :t even d evelop .

(;os t ana lys t s  arc- us ing regression th eory sore and more in (le Vel  —

Op i r lp  cost e - a t i n n i t i t i p  r e la t ionsh i ps. In regression a n a l y s i s  Cc vc1i ~ -

of Otin  vai j ahie is based on i t s  rc- l t t t  t onship: 1:1  th a;1I,thler . b ite t w o s :

of  i-e-gresaion excatines u-,het~te-r a rc - itt t ieiuaiii p i . \ isis tad wiie’n i t  cicw ~

the oat eli-c t ad extent  u I the’ rel at i otishi i p i a I - -c- :iscmred .

Th en- fi re - , the essence of th e - repi- e~asi-c n analvsi a is t i t  fc iac -

t i on : t l  r e lu t  ionshi 1- s c t t , c ~- :i  cost ~n ud e x p l : t i i : u t o r y  van aPI os i s di i c O t

and obyi Otis . A pat tern hil ls IC ) he cat  :i t t ]  I SPC ci in :u ua i r s  lug r H t t  y i n  ~~ Ic’S

It -s l a - i  an: I 1 , - I i  h a t  ad 1 -  - c • O:i 1 . ~I t i t i -  ccs - t o -  1;u - : Sc ’C 1 , t o  i i : : ~i ; i

c m - c -ct i’c l a l  ouisiui p w i t h  ac- u - P t  IUtJ cc t~~t .  - s e ’c a r , a close ’ a n ;u l v : - i s  of

various cy s t  1-155 w i l l  0tow t l i i c  S not al;-aI\ n- h t S S ih i c ’ .

The u t v ,  - t a l l  n t  i c i c l e  - I  b C t Vu  P - t o l l  i np  c-i t I u s c t - s r i  51 i a s :

a .  nut unbi  l i e - I CS I fl’i ‘0 - t - - - \ 10 5 F l  i~~~d I - s  I i pr - -: 01

j cr ’s i c - : ,  - la  f l J  t m , a C t m~~; - r ~ sc; I t he’ : - OH :: oI 1 u - l  \ , t 1 l a I t ’ I - ’  u s - -

1 1 1
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total cost. Since the collection of all sample data is impossible ,

there will naturally he some bias in the weights.

b. an efficient estimate - the smallest variance in a sample would

be the result of examining all the possible value s of that var iable , but

to the extent that this is impossible , the estimate w i l l  be i n e f f i c i e n t .

c. a consistent estimate - again t h i s  is a prob l e-ui of sample si:e

in that the l arge r the ori g inal data base , the mo re consis tent  w i l l  he

the estimates.

d. a sufficient esti mate — no oth er group of van al-des wei ghed in

some other way ~eould give a better estimate.

-- Il

- -  --- 
-
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USE OF PAR-V~fliTRI C l ’:SiT-L\TTNG (CE R)

At this point the concept of parametric estimating as it is used

in the Army (ECOM) will he introduced. This section describes a CER

for digital computers developed by the Electronic Command (ECOM)

located at Fort Monrit outh , New Jersey . ECOM is responsible for manag ing

the entire l i fe  cycle development , procurement , and f ielding of tactical

communication , avionics , radar , automatic  data processing , nue terology ,

nigh t vision , combat stirveil lance , target acquisi tion , navi ga t ion

and electronic warfare equipment tou ch systems.

The ECO~’l cli g i tal  computel- Chit was composed of coia- :r ’ i-ci al thi rd

generation gel -ic-i-al purnose coatp tt t e’rs , ran g ing in capac i ty froa~ st -n u l l  I a

larc~e. In the der iva t ion  of c-c~~~t da ta  hC~ I found ut iu chi i ncons i atetucv

although t l i c - i  r s t a t i s t ic -a l  ntethc -ehl oyv eats c o u r n - c t .  ,\ i i rai)ri t i c  cos t

ad j iect~- :-: t i ts  uei-e mache a i d  a de l i t  ic -na l  co” dt l t er  c - 1 i t i a ~ t c - i  i s t  i c - s  ac - re-

ca lcula ted  and two at  : ut i s t i  ccl lv si  
~ni I c -ti nt CI-iP~ -~ c-ic ’ dc -ri veal for

predict ing the ac-elu is  i t  ion c-os t of a d i g i ta I all: l i t t e r  nt u - - based on

sample of 11 coi:iputers and the ol h ’cr  h y i~~-d Ofl t h e  sl~~~’ I I  C0liipt~t c - I S  a] l i t

two di i f a  l e i t t  Cole’ S t a i t t i c -  S i  :a-s 101 ( S i t , i . a .  , a 5111 010 Si  ac c - i  ~~~ .

l \ ) P th l Y F l ~~d ~~~~~~~~~ -

*

I lu ’ t i-a ( Lh~ lt j - c - - h - , i c ’O I t  -; i t  ; - ~ t - ~~ I t t f  I e a t I  151 b r

cc’ss i t ;  t in i t  uci t I i  I loti l  i a p h  n I  - i i  Cr  ct  i a c -na  - I t ’, ninel c c - t v  at

of c-isa: -o r c : ; u ]  i~t -ct ’ r ; i I  11! !] nsa 1 - i  in ~e ’ i t n - i S t j l)  CI  il L I t ( i S  F l i l l il l i S  In  si  :e

:51 :11 1 to 1 : -r e s c - i  It .

- ~~ - - - -~~~~~~~~~ -
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DATA COLLECTION , AN \LY SIS, AND ~~~~~~~~~

The firs t step which E(DM assumed was to list all variables that

they expect would be closely related to cost. These variables included

everything from wei ght to actual volume size of components . After

gathering th is  large volume of data they searched for variable inter-

dependencies wi th  cost. The following variables were consi dered per-

tinent arid hence they were collected for each comnilter.

1. fixed point add time

2. words of core storage ( in  t -nsS of h i t s  by , :ultip l v i n g  mod e-n of

words by hi ts  per word This  makes core storage coituparab le-

among computers t t i  th di F fc’ I c -n t  tern-el si ac-a

3. bi ts per word (calculated by d i v i d i n g  cycle time in to  total

number of h i t s  accessed pci- mcr:o I - \ - c -v a le .  This p l aces cot - -

pute r that ac-cc-cs di Ifere ’a t a t  t ’ - i - - -i ’s of hi 1 s pc’1’ I’t n’SS ) r c-y-: La

on a m ore comparable ’ has i s )

4 . nr’nOry c-yc 1 a ti n :c

5. nietihei r of opera t ion  c-ode-s

hltFl l T b i \ - \ h i  \~~UX S 1S

I~~ri ng C o - i r u:~-tc t slap in see h i t t i t  to - su : l - l  i sP  a r e la t  ioc~ h u i L )  i l l

o ael~~F a dc-ye lop ;i lath s- - - I ccl :\ n l c  -s ic - r i , a it t r a P  i c - a l  nenci c 01 c-- t

vs Co l e- s t o r i t ’  s j a ~’ j t i - l j c ~i i c ’d t i s i  C~~:~ y i t C i C  ii;, - t  Iv 1- e l i t t i . C,~ P

n ut  s u f f i c i c - n t  to  p i -Juc -e - 11 ~- at  i S I ~~c t - - t ~- ( l i l t .

— 
hly ec:ii ini n g \ ‘ a l i i - -s of o t h c u - e h t ; i r c c l c  r i s t  ic - s  t n , I  n h - i t  i : g  t h e  i—c t O

t ! i -  - cast el i  IP’ei n uic- -s n-il a c - -ana l -~d t~~~t~ t - ~’ C - s  c - c~~~ ’ i i i  at ’ (e .~~. , Pr0 : - - d

ci~ - t s  of -
~ 

- - t i l l -  s u P  a - -  -i  H i - : h d t s  c - l e a n - - t ’ )  i t  :i ; ; - e u w - i  u P  1

-‘ — —- -- -- -‘---- - ‘ - - — - -— - -  -~~~~~ ~~~~~~~ - -- — ——.- — — —- - - -- - -- --- 
— ~~~~~~ ;___ ~_ _,__liiIliI
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inclusion of two additional characteristics -bits per memory cycle and

fixed-point add time-would result in an imp roved relations . (variab les

1, 3 ~ 4 above)

Algebraic expressions were formulated using these three variables ,

and regressions we re run on an E(Dl’-1 computer. Next , analyst tried

different combinations of the variables (both linear and log-linear) to

see which one gave the best predictions based on pas t data. The best

results were obtained with the linear foraulation of core stora ge , hi t s

per memory cycle tiutta , and the reciprocal of f ixed-po in t  add t iu l i e . I t

may he noted that linear formulations usually present the best results .

GER RESULTS

The ~ERs developed are given below . 1~ie f i i - st  CER is based on one

core storage si:e for each corpt t te ’r :

C 105 + 2.90 ,\ + . 157  S + 709 (
~~

-
~~) I

where C costs in thou~cnda of doll-arc-

A = numl -cr of hi IS lmcc -e ’sse d ncr h as: - rv c-vei l e l i t - s  (h i  t - :

per microsec -)  

- -

~~~~~

S = core St  0151:-c- S i Se -  (tliOits:h t ~ui5 of hi t~ )

H 
- ‘f 2~ fi xed-po i u - i t  l idul t t a  (t:i i c ro sec-o t ids )

and L~2 = .

Sta i ~ h i l e1  error of eat  L a t e  = 84 ,

F r a t i o  = 2 S . o

P;rral , - Si :c = 1 1

ft - : ; - - r - t i 1 (1 1 I S  h:i ’~t - - l ~ f l l ( ’  - 1 ‘ ( S  I i i  - : -  - t  I a-  - . -- -, r :

- ~~~~~ --- .-~~~~~~~-- -- -“ ------—-
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C = 93 + 3.38 A + .153 + 698 4) II

where the variables are defined as earlier ,

and R2 = .97

Standard error of estimate = 90

F ratio = 108.8

Sample siz e = 22

The reasons for selecting this as best is that R2 has the hi ghest

value . i~2 be i uug do [m ed as the coeff icient  of det cnn intu t  ion of the

variables .

Although Eqs. I and Ii are statistic -a l ly va ii ci , the app l y only to

computer technology as of about 1965. Since that t 1 f t c -  many aclv iuii ces

have b ee -mi ma che that  have the effe ct of i ncrcas i u p  perfontt ance for  a g ive - :

pri ce- or clt - e’re’:is lug price for a g i v e ’l1 i c - - l for 1 t n e e  V l u l t l c  OV CUi.a StorIlpe

— s ize .

~\ POSS ib Ic a lr I ) r oa e -h to d~’vel (111 i t i p  (1 ~s I b u I l t  could be u sed ~ -I-

preel ic - t i  mug future computer costs woul ci he to an al  ;~ air cost and ~h t  t~~; i e ~ 
-

tel - i  at I c dat 11 i- c-p vc-ac-nt i t i p  co: p h i l  a i S  OVe-i se’Ve’ill l y e- I l lS Il i lc l  t e c l t t  i , ) 1  op i ia

Th is  u-srt c It1 add O l e  data po ints t h u I l u l  a- ca poss ib le ’  dui r ilIg t i a ct ui ’un _’ii t

e ffo u -t

~i1

_ _ _  _  _  - - --~~~~~~~~~~~ - -
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O)ST ESTI’tATING CD~ ’ARISONS

The two main categories of estimating are judgemental and scientific

est imating.  In ju dgemental est imating , the estimates are made subjec -

tive ly w ith or without an explicit procedure on the basis of intuition ,

experience , and coi :i: , t ui sense. The dist inguishing feature of jud gemental

estimating is i ts lack of un i fonnity as the estimates vary wi th  t h e

estim a tor. This is mu ot to say , however , tha t  j udget-te nta l  est i t a i t i ons

will  provi de results inferior to those produced by oilier methods . A

cor~non ac-use es t 11:111 te or intu i t i ye guess h- v an e-xpc ut t:~;t he tilts bc-s l~ 
- -

possible (or luckiest) est imate . Sc ien t i f i c  es t imat ing  is someti ae-s

categori a-sd into t i r a -  i e ii e s  In r o l e c t i o n )  mid pa r lmiet r i  c aoeic-ls .

In the ti 1:10 sc-ri c’s estimat i m u g method , t h e  efl~)iilLS is is  On p a t t e i n

and pat tern changes , and the method thus i-e l i es ent i rely on h i  Sti l l - ic - Ill

data. Idir ain -stri c eat 11 ::r t  i an, oh tho o f l a - r  han d , Sc--ail S to dcvc - i c-p

rd at ioii~ h i pa iu:totig sys t l ’ I l Ci ~ : c - t t t s  1w us i rig re- fine-cl and S-1~’c-e i f i c-

relations hii ps , the re-b , he i ng po:-;~- r fu l  c-nt - t i c - I t  to  I :tL~- spec- i n ]  cvami t  a

favorahi V i u t t o  account.  No orla bin s eve r cons tr iuc - t e’ ci a p t  rauc t a i c t ~ c-eh. 1

that can guarantee ~uc-c-ess, excapt on a p i-olath i list i c h a - c i s .

The time se-r ies  a n a l ys i s  and pro i c -c t  ion t y p e ’ c - I  c S  ti - a t - s c-st c - f  : 5 1  -

di f fa ri-ut  uae t l iais asic! I ac- hi t i  j a I l ’ :; . P c  has i c- t bt ni .~ t of ’ a h i  of C -  a

i s  t h a t  th e - v tUe - a t  t o  X t r : i ’u l : t t c -  f tc- b~y 1hOd or a t  a I a a i - a !  i t ~~:’

l)y r e ly in g  w h o l l y  on p : s t  data  and not s -l: r c h i n p  i - t i ’  imul y 1 nras:e ’t v i e ’ t m p c - r t t ’ ;  .

1~eca u,mse of this , t i m e  se r i e s  methods ti re’ c - i s ’ t  j oe ’:; ca l  Ic -el  O I I L t.C . nni-

of li t :~ t a re- u~a i ]  htius n t~~~~ : : c  ne- t n-i ; in’Id -J : c- i  - ‘ - ~~1 i : , : u I j ! i c ’ t S  ~~t u l U  i i t t i i t ’ ’ .

t t a~e1 i s  l h i t ’ a i t t ’ r Ie ’e ’ - t i l • -  ~ a- - : 1’: i t a ~ - I , ,  t ha I c - I

L 
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time series analysis. The objective of curve fitting is to select an

analytical model that f i t s  the time series fairly well. In general , the 
—

model contains parameters that are unknow n and mast be selected such

as to give a “best” f i t , where “best” is a specified condition .

There is no d oubt that parametri c (GiR) or uh at  is re ferred to as

regression analysis can be put to great use in cost estimating . i however ,

cliPs do have l it t i tations which , along with their  advantage s , should he

recognized. Cu Rs cannot capture all of ti-ic variances in  cos t , thcrefo i-c- ,

they can provi dc -  only a hai l  h a n : f iguii - c.

Advantages of (IRs inc lude :

a. Less expensive to o b t a i n  than “gi’:tss roots ’t estimates for any

relat  i Ve~ 1 y large- or comp lex system.

b. S t a t i s t i c s  u ’e - i a t ed  to ISa  DiR g i t - c soi::c- i n d i c a t i o n  of the

cre-~k-ticc- to be p l : c c ’t l on tb - c-s t i  i t  a .  P~~- ::’ :tmy f i  arcs of l : a - r i  1 I t  ‘c’ ;5

di fficul t to pe-::e -r:i tc’ f o r  the ’ i t a l t t s t n i  ii c- n cl i u 1a’nitic ~ cat i ; l t e - .

c. A CLR is I I  n - 1 ; t t i v c - i v  ci; b- cl i \c’ ::ct b ici of es t i :, .:tt in g  c - a c t~

coi lpa l C d  to c-st i a n t i  ng b ’- h i m  l o .

d. ‘I he C l - P  hi ppro hucu i i s  a :i l rc-  a -u i s  it i c - c -  u t i ’l ac! of e s t i t - : a t  i u i ~-, u b - , :n

the ~m n a l a t ’v  n p ; r t t t : iJ i i i i  that: t ins lo l ~: ’ - r is l s i t s a i  O t t  c u t  1 : I i 5  of

several O!)5 1\’ I t t i O u I S .

e .  ~~I i t  i i  j as i- c- IS - - -~ to a 1 v~ e S S  S 501 -i c I ia i c - a t  t - ‘ i  a

the ut er i  t of tiu ( ’ Ch - R .

Di sadv ant :m -, ns o f CliR ~ m d  ucla

a. s h c -~ j u h i n t r j : t i  a-n t ; m ; ’ e ’ u H  - c a t  ; : t t t ’: I i ’  h - i d  c - t i  - p - s i :  ic-

prndu e I i ~~~ ~~0 - f  ‘
~~~~S 1111 (1 t~~ ! t a r t 1,15 . 1 1  - I ‘ - i  t s i c - i — ‘ - t o  e I i t  -

T _ ..
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industrial eng ineering approach to produce more accurate results than the

cER. Although it is possible to use both types of es timates , par ametric - -

is about all that is available during the Conceptual and Val idation phas e , 
-

- -

since there isn ’ t much data available. h owever , once the Full-Scale

Development phase commences , grass roots estimates can he made using

the data within  the Work Breakdown Structure (WBS) packages .

h. When a system has few or no historical counterparts it may not

be a practical alternative to use Cl iRs .

c. In comparison to the analogy approach which  involves t h i f  i-elation

of cost to a single variable , the CER approach rcqui rca collect ion of

data fromum several pu-edctccssors.

d. Although data on earlier items or systems may have once been

readily a-;Ili l ablc , the data may h~ ve later been destroyed in  such a

l i l t ]  i ri-~ i ’ as to lie v i r tua l ly  unobta inab Ic

e. Data mi ght he avai l able’ hut only at very high c:os Is

27



-‘-i- —-=—
~~~

- -
~~~’--’ -i~~~~~

--
~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- 

~T~T -

tJNCERTAI NTY

“Uncertainty relates to those phenomena which create variability

and cannot he insured against by adding to costs.” (6:1) It is the

result of a subject reasoning process and refers to the unspecifi cation

of a certain degree of ignorance.

Th e  difference between original estimates and final costs of weapon

systems have been so great that as of late , agencies have been looking

into various case h is to i- ics  in an a t t e -r a t  to i dent i fe- reasons for cost

overnrns . These effor ts  were certainly j u s t i f i e d  as the increase- iii

cost for various ayate sc- ;  are c-ona i ic u - nble - . F-or cx. p lc , the f acto r

increase in f i gi ; t c -  r ai i’craft rangc-el i i c~::~ ‘‘ on cost ’’ to 3. 9. Pomh c- is 
—
~

ranged to 6. 2 , ca rgo 111 r c raf t  1- c- re- ic- s~ prone to overrun -i-: i tli a factor -

of 1.5 and ut tis si  ic- s elep i c-tee! a \-: i it ’ v a r iat i  Ofl i - h i  c-b 1 cngai to 14 . --

The m a i n  po i at of i nt crc-st in  these c Ivc - l ’ r t t t l s  a the i’ -asons

the inc -c- c- cad s and] i ,h ethcr  th e -  i u ; c - r a lmscs  a l a  elue to had or i uuco i-r e~ cost

e s t i u u u a t ; t n .

Studies have conclu ded that th e main reason for t h e  ;t t-ove i flcre- lS es

was d im ’ to cos t esti nrt t i utc ~ u t m c e r t a i n t v . ‘I h i s  re fo rs to t s r  I I l t  i o n s  iii

cost c- st c - . : m l e S  of  a s \ - s tc- : - i  f o r  i - h i c b  thi~- cc - tili -t mr -s t ioiu 1 -  e’sse-: ti 111 1 ly

Ii xa d .  a-pvc i i i  cal I , , I - ‘  I c  I -~rs , l S ~~~I - 1  - t~~-i u- I C :  i a c -f  - :  l t l  V 1 - -

a. l i i -ror s i i i  c - o S t - c - S t i u I i : u t i n g  r c l l m t  i -a: ;i i ps.

b. hiri-ors i n  d a t a .

c. 1 .~ t r i ; -  1 1 1 ( 1  - - f l  c t ’ i - t  .

SO ft c ’ e \ I l ’ ;t I -0  of u i  a- - r I  I i  i t ?  ‘- ‘ i tic - li i 1- - :

I I  • - j~~~
- 
, 

j s.c • ; ; t i  \ I - - : - of - -
. i t  t_ - - - : i t , ; - ( - I S  I t t  I ( - I -  - 

~
, 
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security .

b. Capability of a particular u-.teapon system to meet a threat u-: ith

regard to equi pment performance , reliability , and operation .

c. Capabi lit -c of cost analysis to translate the desi gn of the

weapon system into a statement of resource requirements and costs.

Proposals for treatment of un certai nty in cos t analysis range from

conventional statistical tools to the applicat ion of what are conusionly

kn own as “fudge factors .” The la t ter  is ruled out because of a hi gh sense

of morali ty that states that fud ge factors are wrong.

Conventional statistic -al tools , are of only l i t r i  ted value i i i  cop i i -p

wi th un c e r ta int y  in cos t analysis  K-souse of the occas i ons for wh i ch t ina v

can be used ri pen ou- i\~ are qul i  te rate , liven in th ese cases , we m~iy

still have probletsa because of di f f 1  c -ui  ty in  lus t i f - :  ing the asc -t t :~~t i c -f l S

of the stat I s t i  c - a l  i- -odd in  our part ic-n h or : i : -p l i s li t  ion.

1 - m a) IV , t h t a  c - — i t I \ c s i l t  lOnhul St~i t i S t i  c - I t ]  : :SI :oeIs are I — I l i c - a b l e , j i

is n:os t I i  keiy to be in h ue’ ti-e:it s - u t  of cos t -c- s ti I t  i n g  t ic s - it  I l l  at  a

rat.l~-a r than I C c 1 U l  i c i t i c - I l t S  tu ico r-t a i nt y  c~~i i du IS the Sc -  u-c - I op u - t  ~inn of t i c

t — - O .  j
One a !  t hid- m ost useful ta-c-is for de-ali ng uci thi u u n c e r t : u i i ’ t c -  is th-:

t a:I ut l U t I ; -  of  Cost -ails i t  i \ i  I V  . \ l l h i l V s  i S .  t h e ’ ‘ i t  I t ry  00 0 c c- i \ C  i t  - is

t\ l ’ c~ of a~i a l v a  i s  I : -  to P~ 
c V t  ic Ii 5-5 I c t I  cbS] ~ t i . ’ ~ or II PI 11151c r  w i Ci

i l lS  ighta  i n t o  the way sya I si;i co—it- : tir e in  ii i temuc - e d 1w duan-:.~-a 11  11551 iS~ -

t i ons hunch apc’ci f R - l i t  ions , flue ’  ~ il- t ~c - t i 5  I V  I \ I l : i l V S  i s  1 ; -
~

°- 111 - p 1 -I 5 t I n -

l t e -s tu iac -  i t  l i i  c - h u H  P t  s t h y  t i l l c - C i 1 1 3 1  I -  f i L e - i c - I t  i t t  t t l t m r c  sv: I - -: c a s t s

t i -j  ~~~ t I :  - p I (Sna I i i  I V I  11% . 1 a c t  ‘p i t a  1 - c - i t - ;  - t i  i- ’c I S i i ~t u5 
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affecting system confi guration and operations . in general , tnis type

analysis is the process of examining how total system resource requi re-

ments or costs change as key system characterist ics are varied over a

relevant range. A cost analyst can point out where costs are relatively

sensitit-e , discover ranges of values w i t h i n  wh i ch costs do not change

significantly andi outside of i-,-h ich costs rise sharply , and provide some

meani ng ful answeu-s to p rol) 1 ems by us i ng the Cost Sons i t iv i ty  ;\nhulyS is

Technique .

Another techni que of d e a l i n g  t :it h  cuu cc- r t a in t \ -  i s  the use of the

j udgemental fo recas t called the Delphi k’thod . 1 Ic- re a panel of expcr ’~ a

is interrogated n - i  t l i  a ac- cia-c - ru t -c’ of qnic - s t I c - i t s  (or- qu o- a  t i o t u Ic 1 res) to

whi c-lu the next question (or ej uc -st ion n a l rc- s~ is hose-i upon ti n - previous

resp onse. Thus , a l l  the c - x t c - r t s  are g i ven access l u  a l l  t h e  nfor:. .t~ l e uu
1

for f o r c - c - : t ct i n g. T h i s  Sic- t ic - cl prop orts t o t t i u u i u n i  :e tha ‘h: i i u d w ; i t  ic-n C i  c- ct ’

of public - up i m i i i  i t

Another ; : i e t J t - u h  for d c - h  f i l t h  i-~~~ lb tuuu c -ert :tit tt ’: he- d m a  w i t h  t h e ’ h i— -~~~t :- :p -

t ion tha t  a cos t ana l y s t  eStu dc-sc-rU-c c-c c-hi i nput pnr .so-1c-r ~ i t h u  a p0 i. —

abili ty d i s t  r ihu t i c -n .  This d i stri liut ion is then t i - e-ated 115 h i t i t a o t a t  ic - ; i

Popull :tt . ioTl i c -c --a u u ; l t  i c -h  r hurl e les u SI L’ h ; ) h L - ;- t i r e ’ i 1 i b i i f l e d i . ft c- :- - t :ods of .:h~i itp
‘1

suc -hu Shn i :p l e -s , 115 \~c~l l  h~, oh i o ; :. . h t s c - a eh i l l t t d  ii j i l t t b -sac- t 0C i f l I d j t t c ~5 l i e

Sy i c  i t t e l  t ;t iS I - 
- ‘“ - 

- t I c  C a t  - - - - - - ci -

The ‘ t i u ;~~- h a u l - -  (,-c-I uuui :i:- j uu ~c - h \ ’a i c - l i t  t i : t j t  I I O ’  a
cuunu l h u t  i V~~- i ahab  j i l t - - d i  a t  u t  i f  ~on I t \ - :  - t i n -  i~ i - - I - sb ii -

I tv d i s t i l  - i t t  i c - a  i~- a c - t  l i l t - I t i c  1 s t  WI!  U t  c - s l i t  t ech
i i ;p :- t alice -ri u h f  - - h - .\f , i i  ti -s i  i - c i t  - : t l  l o l l - i c - a l l
rI-re - I o t t -  I i oh f - i - u t  c- f  i , -i .lr: i ii it

~‘c-~ p i - a c - u i t e d  i i i  (~ t : i i ~ , h-c- a c - - i - - - t i t ’  - t t c - i - i : o t t t o J v
I’ I lhlc ~ 1- ’ u I — t i  I I t -  - ‘u — . i  - - —‘ cci u ~ - - : —  - a - - m : i t ~ t a  I he ’
i : : 1 t u j- ’c t  f l a t c - i t  I ! - H V c a i t u \ t , .a o h
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value of x cori-esponding to the point of in tersect ion .
This value is tak eut as a sac-ta le of t i~e va lue  of x , the
input para.sleter. The r esul t  , i f tIii s proc -c-in ure is r e-
peated uuun ’J ierous t i i . c - 5 , iS a ah u ; i p l e  of imput value that
approximates the 1-e-quirecl t ;n c e -r t a i n t y .  ( ( :  5)

It mus t be reunembe i-c d wh i l e  preparing any cost est imations thcre

is always an end to aV ;i i  lable data .  I -:eever , in many instances there

is a need to go beyond the  data base and extrapolate fur ther .  I - l i on th is

is done our confidence decre ases (un cert a inty increases hn ~ illus trated

in Qu art  8) - This i l lus t ra tes  how addi t ional c-os t -es t i  c - - u t  I og a r i ses  when

we are forced beyond the data base.

In suu r~uary , cos t analysis  of futtura-  ri l i t a n y  ch-lpabi I i  I es are

subject to luoth state—of— t h e — w o r l d  u l u l c - Cr t a i n t i c - s  It S t e l ]  I t s  St I t  I St i c - s i

uncel-tamntics.

“

~

-- ---- ,-- -- - - -

~

---

~

— ~_ i  
-- ~~— . - --—--



-- T~~ T : -~~~~~~ - 

- -

--

4-’

I

’ — _—q- — -. — — —

• 

I

~~~~-

I
‘-
‘- S

J I - I - , t

- -  - -  -
~~~~~ - - -~~~~~~~~~--~~~~~~~~~



~ 

~~~~~~~~~~~~~~~~~~~~~ T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - : :~~ ii ~~~~~~~~~~ 1

i -

\

~~~4j

-i  
- 

-

I \ i l

\
\\



1~~ -
- 

~~~~~
r -  

-
- --—

~~~~~
--—--—---- -

___________

SIj~dt~ 1-\RY/C1)NCLUS I ON

Although cos t overruns have occurred for centuries ( e . g . ,  a Roman

aqueduct cos t more th an twice the original estimate), they are exclusive

to neither gove rnment nor mi l i t a ry  ar id are not l im i ted to projects

advancing the state of the ar t .  There i s  a d c - f i n i t e -  riced for these

excesses w i t h i n  the acquisit ion of maj or  systetra in til e mai l i t  any serv i c-es

to he reduced in scope. This is to he accomplished 1w pri  c - . h u i J  lv imp roving

trio process of acqiu i I -iu lg una i or weal ci t  sya tecs  . The acquis t Ofl 111-c - c - c - as

has been tile su 1 ij ec t  of analysis  and po l i ce  recommen d ations for year s

yet evid ence -  of i ; i c - r u v cc - ic - - i i t  is only noticeable dturi u~ , the p~us t few years

It sc-cc-us t ha t  c-oat ntu-oi-; th is eli i c c - t h y  related to hil l el tin: rosnul t of

h td l ’ : - t u t t c - i t t S  i i i  t h t r a 5 c -t goa l s .  A i t h i - c l i  tu ,ij uic ti ae flt a ti ne’ 11 n i - c e ’sSity  i l l

511110 i T l s t l U ; c - : s , t~~n c  should I ’C It - i ci t o  0 t S l t t I i i a ’ h l . h t - c - a ; i c - c - ; t i h u S  t i t i i  e : i t e J

t h e ’ t i e - c - d  fo r  a coot i ian n t  a f f o r t  to c-ot i tro I t i l e  cos t , sc-h u e- itt h e , :u t td

p eu i ’ u i : ; l l c - a  u i i t c - e - : : : c -  of pr c - t- ssla ouc h Ic-i- bc -t i e r  lui e lC n: t luid l ; 1~ of l It ;  c h i l i - a t :

of p ia i f 1:1111 cost gri  i i i .

~~-s h e - s t  acq id a it i c-ti - - h i  e :;it ~u u i  ii I s -  I )  to ihJ a J ut 1 1 1 5 C c ]  on in-

c i -  - - l i l a ]  t I c i l u m i S i  I 1011 aU u t s i  i c - S  IS ( hue  uu- ~~: : i1  ; i p p n t c c l u  for I 1 ic~ h i ~~Js .

in  p . u t  icn ;l : i l , d . t e’ 1d~ - i t  -~I o t ;  h e !  I - c- SCj ) I t  r a t e~i l i - t I l l  ; t t h ~~c - ( i ’ l l  I P i - ~~~
-

d i t t e t l i P , ; i : t ! C .  i ; t l ’ i ; i l  : 1  i - t i  c- i i.~~’ 1 - ~1 . : - - t i t t ; i i - - i i i i i  e i - ; i a - i C c- i -~~~ 

- t r b l t i t ; ; f SVS1c - c - I  i L l  l i t t  - c i t e - c - ;u i : J  e c-~- tt - huc t eol iii a hca ltav hrun- ,Ic t ;

f:i -I i c - t i .

* I t  it; 1; - (‘Ve d t u t u  1 cc ’ - I t I l e - - u S e d  j u l  p H :  - - - I I t C L d a  0 - i  I ;;; :ut i n- -

h i t - . ~l :w-ui ~~i l - ! ’ -  ‘cc - -  c- c - i ; : I i ’ )  i s p -  u t ~~~’ i t  l i - I t  ~ c- . ’ 4 l ~ I ’ ~~ i 5 l  t - ~

ci c l i - -c -  I - - c - l e t  - I - c - m i t  ~t t - - 
~i I - ‘ ‘ \ - ‘ , I  I- t~l~- ¼ - ‘ - I - a i -c - I  - - c - -
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analysis or what is cou uun onl y re ferred to as regression analysis involves

finding physic-al or program characteristics that have a relationshi p to

cost. Such relat i onships could include u- -ei ght , speed , power and its

impact upon cost.

Further , one of the most effective ways to strengthen cost controls

is to re duce the task uncertainty associated with  cost estimating .

In conclusion it mus t he Ie ’Ilt eJ- :liei- c-d that estiutiating cos t re la t ion -

ships are ve ry coutupl ex and wh i I t ’ stat i st ica l  au taly si  a can ai d i n prov id ing

a understanding of fac tors wh i ch inf luence cos t , f l h  u rus e-tri c- an a lys i s  -h oes

not solve a l l  prob l eirLs in cost g rowth . The use of cos t e s t im at ing

i-clot ionshi p :; should be u t i  I i  zed 115 an t i i d , to be supp lemented by exp e—

rlence , judgement cad othe r types of info r u lu b -i t i o n .
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